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(54) Skew and loss detection system for individual high lift surfaces 



(57) This invention is a method and apparatus for 
determining whether or not auxiliary airfoils on an air- 
craft wing are skewed or lost It employs either of two 
types of systems and their associated computer monitor 
and control requirements. One system utilizes a cable 
(26) and a spring-loaded mechanism (30) with a cable 
displacement position sensor (32). The second system 
utilizes a drive system position sensor (34), proximimity 
sensors (44) and segmented proximity targets (40.42). 



These two systems are capable of skew and loss detec- 
tion for adjacent or individual auxiliary airfoil arrange- 
ments. A computer electronic unit is used to perform 
logic functions to verify the authenticity of sensor sig- 
nals, and, if appropriate, to shut down the drive system 
and to compute new flight control parameters including 
those relating to stall speed and the stick shaker, while 
alerting the flight crew. 
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iption 

■LP OF THF iMVFM-noM 

This invention relates to a system and apparatus for 
detecting and verifying misaligned, skewed, or lost high 
lift surfaces mounted on an aircraft wing and taking cor- 
rective actions. 

BACKfiRniiun rip T HE INVFMr f^^f 

High lift devices for aircraft wings are sometimes 
referred to as auxiliary airfoils. Such devices or airfoils 
are extended from the leading or trailing edges of the 
wing to increase aerodynamic lift during takeoff and 
anding of the aircraft. When extended from the wing 
the high lift devices increase the effective size curva- 

the lift of the wing for slow speed flight. High lift devices 
extending from the leading edge of the wing are usually 
known as slats and those extending from the trailing 
edge of the wing are known as flaps. 

Normally, each high lift device is deployed by two 
separate but coordinated drive mechanisms, one on the 

L^h m T^- ^"V^^ °" '^"^ side of the 

lift T" °' mechanisms be 

unable to perform its function, a skewing of the high lift 
device may occur and jamming or loss of the high lift 
device may result. Accordingly, it is a primary objective 
of this invention to design a system to accurately detect 
skewing or loss of high lift devices. A problem in design- 
ing such a system is that there will always be the rela- 
tively smaller skewing movements caused by normal 
structural deflections, dynamics of the aircraft and tem- 

sSm^ ''"""^ ^ 

It is a further object of this invention to provide an 
improved detection and actuation device that will accu- 
rately detect Skewed or lost high lift surfaces, to warn 
the air aew of degraded aircraft performance, and to 
shut down the high lift drive system to prevent the pos- 
sibility of further aircraft damage. 




a proximity sensor on the fixed leading edge of a wing. 

*h ®' ^"^ S s*^*^ lie relative positions of 

he slat, auxiliary arm and segmented proximity targets 
to the fcced wing as the slats are extended to take off 
s and landing positions. 

FIGURES 9 and 10 are schematic depictions of 
actual proximity sensor output and expected proximity 
sensor output for, respectively, normal and skewed con- 
ditions of the slat. 

FIGURE 11 shows the electronic and computer 
STenT «*etecting and verifying skewing in this 

FIGURE 12 is a computer logic diagram for the 
detection verification, and shut down process for the 
IS segmented target system used in this invention. 

SUMMARY 

20 to« ^'^y^ "'^^^'^ of this invention moni- 
so tors, detects and verifies skewing or loss of aircraft high 
lift devices as they are being deployed from the aircraft 
wing. The invention uses a combination of position sen- 
sors and proximity sensors and elongated segmented 
pro^mfy targets to detect skewing or loss of individual 
25 high lift devices. A flap/slat electronics unit (FSEU) com- 
puter unit is used to correlate drive system position with 
high lift device position, perform logic functions to verify 
K if appropriate, to 

30 SSri "^"^^ ^^'^"^ ♦° «""P"*e new flight 

30 control parameters including those relating to stall 
speed and the stick shaker, while alerting the flight crew. 

DESCRIPTIOM OF THE PRFFERRFn FMRnr.., 
MENTS 

35 



BRIEF DESCRIPTinN.q r»P the DRAWiMr^o 

FIGURE 1 is an isometric view of a modern com- 
meraal passenger airplane showing the location of the 
high lift or auxiliary air foil surfaces. 

m^nrti^^'^^ f ^" '^"""^^''^ °^ « system for 
monitoring relative motion of slats and flaps. 

H.. ^-^^"^ ^ "Jmputer logic diagram for the 
detecting, verification, and shutdown process for cable 
systems used in this invention. 

FIGURE 4 is an isometric view showing of a slat 
ca^ying segmented proximity targets and a wing with 
fixed proximity sensors. 

FIGURE 5 shows the location of elongated and 
segmented proximity targets on slat auxiliary arms and 



FIGURE lis a isometric view of a modem commer- 
cial airplane having six outboard slats 1 2 3 4 5 and 

6 on the left of the aircraft wing. The single inboard slat 

7 IS located between the left engine and the fuselage of 
40 the aircraft. Substantially identical mirror-image slats 

are. of course, located on the right wing of the aircraft as 
shown in FIGURE 1 (reference numerals 8 through 14) 
TTi^e slats are the high lift auxiliary air foils located at 
the leading edge of the wing. 

. .u^® improvements, and unique features 

of this invention apply equally to the flaps shown at the 
trailing edge of the wing in FIGURE 1, but for purposes 
Of conciseness the Invention will primarily be described 
in connection with the slats on the leading edge of the 
50 Wing. ^ ^ 

FIGURE 2 schematically depicts slats 20 and flaps 
22 extended from a section of wing 24. The system uti- 
les a cable 26 passing through, or along, each adia- 
cent independently driven flap or slat surface. Th^e 
55 surfaces are driven atong similar deployment paths and 
d^loyment distances. The cable 26 is anchored at one 
end 28 and is guided through, or along, each slat by 
means of cable guides. At the cable end opposite from 
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the anchor 28. a spring mechanism 30 keeps tension on 
the cable and allows limited cable movement. A sensor 
32 is used to monitor the cable movement. A sensor 
detection threshold or distance is determined which will 
indicate an out of normal range cable movement. The 5 
sensor can be any type of position sensing device 
(LVDT. proximity, etc.). 

A nylon-coated stainless steel cable 26 is anchored 
on slat 6. The cable is then threaded through mid-slat 
and end-of-slat guides outboard to slat 2. A spring- 10 
loaded mechanism, known as the detection mechanism 
assembly (DMA), containing a proximity target assem- 
bly and two proximity sensors is installed inside of slat 2. 
The cable is routed into slat 2 by plastic bend guides 
and attached to the DMA. The same system is also is 
installed on the right wing with the anchor in slat 8 and 
the DMA in slat 13. 

Proximity sensors normally have two defined sen- 
sor output ranges, or sensor states. When the face of a 
proximity sensor is held close to a proximity target, the 20 
sensor state is referred to as "target-near". When the 
face of the proximity sensor is moved away from the 
proximity target, the sensor state is referred to as "tar- 
get-far". The ternns "activated" and "deactivated" are 
sometimes used to describe the "target-near" and "tar- 25 
get-far" sensor states respectively. The sensor-to-target 
distance required to produce a "target-near" sensor 
state is dependent on the detail designs of the sensor 
and target. 

To allow for normal wing bending and temperature 30 
expansions and contractions, the DMA is a lost-motion 
type of device. The lost motion in the DMA allows nor- 
mal cable movement to occur without substantially alter- 
ing the proximity sensor-to-target distance. The DMA 
normally holds the proximity sensors close to the prox- 35 
imity target in a "target-near" sensor state. In the case of 
a slat skew or slat loss, the cable is displaced and pulls 
the proximity target away from the proximity sensas a 
distance greater than the detection threshold. This cre- 
ates a "target-far" sensor state. In the case of a slat loss, 40 
or skewing, the cable will pull the target away and con- 
tinue to pull until a pair of latches on the DMA will 
engage the target assembly 
to hold the sensors in a "target-far" sensor state. 

As shown in FIGURE 2, the electrical wiring for the 45 
proximity sensors is routed from slat 2 (slat 13 on the 
RH-wing) into the fixed wing and the airaaft fuselage. 
The two proximity sensors in each DMA are connected 
to the high lift control system's two flap/slat electronics 
units (FSEU). One proximity sensor from each DMA is so 
connected to each FSEU. This creates two electrically 
separate, redundant, monitor systems. 

Since in normal operations, both DMA's hold the 
proximity sensors in "target-near" sensor states, the 
FSEU's look for "target-far" to indicate a slat skew or slat ss 
loss. If both FSEU's agree that their sensors have "tar- 
get-far" states, a condition of slat skew or slat loss is 
determined to have occurred. The FSEU's then shut 



down controlled movement of the slat drive system and 
alert the Warning Electronics System (WES) that the 
slats are disabled In their current position. The WES will 
then reschedule the stall warning alert and stick shaker 
in accordance with the current slat position and declare 
a "SLATS DRIVE" message to the flight crew on the 
cockpit display. In the event that the FSEU's detect that 
both proximity sensors in the DMA have failed, slat 
skewing and slat loss is not detectable. As a precaution 
against undetected slat skew or slat loss, the FSEU's 
shutdown the leading edge slat drive and alert the WES 
as if an actual slat skew or loss were detected. 

FIGURE 2 shows three trailing edge flaps 22 
equipped with a cable system, one of the skew or loss 
detecting embodiments of this invention. For concise- 
ness and ease of description the balance of this 
description will be confined to the leading edge slat 
embodiments of this invention because the principles of 
operation are substantially the same for leading or trail- 
ing edge auxiliary airfoils. 

The system of FIGURE 2 was configured with: a) 
proximity sensors and targets; b) a lost motion device to 
hold the proximity targets close to the sensors: and c) 
electronics which determine skew or loss based on "tar- 
get-far" indications. The system of FIGURE 2 could 
have been configured with: a) any type of switch with a 
lost motion device; b) any type of position sensor with or 
without a lost motion device; and c) electronics which 
determine skew or loss based on open or closed 
switches or position sensors which have been displaced 
beyond a predetermined detection threshold. 

FIGURE 3 is a computer logic diagram for some of 
the detecting, verification, shut down, and crew warning 
steps of the method of this invention. 

Referring to FIGURE 4. a resolver or position sen- 
sor 34 monitors rotary motion and reports, to the 
FSEU's. the angular deployment of the slat. The power 
drive unit 35 transmits rotary power through the torque 
tubes 36. The segmented and elongated proximity tar- 
gets 40 and 42 are located on the tracks 43 of the rack 
and pinion device that deploys and retracts with the slat. 
Other locations may be just as suitable. In fact, an 
embodiment that has been tested by applicants has the 
elongated and segmented proximity target assemblies 
40 and 42 located upon the auxiliary arms (not shown in 
FIGURE 4 but will be shown and described in connec- 
tion with FIGURES 5 through 8) that control the angular 
position of the slat for various flight conditions. The 
proximity sensors 44 are affixed to wing structure and 
directly face the elongated segmented proximity target 
assemblies 40 and 42. Also, it should be noted that to 
achieve two electrically separate monitor systems, two 
more target assemblies 40 and 42, and two more prox- 
imity sensors 44 should be Installed on the far side of 
each of the two tracks 43 and wired to a second FSEU. 

Referring now to FIGURE 5. the inboard slats on 
the aircraft, slats 7 and 8. are located inboard of the 
engines and are not adjacent to any of the other leading 
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edge slat assemblies. Both slats are driven in and out 
with rack and pinion drive systems near the inboard and 
outboard ends of each slat. The slat angle is rotated, as 
the slat is driven out. by means of auxiliary arms The 
auxiliary arms are attached to the slat at the forward 5 
end of the arm and ride in an auxiliary track at the trail- 
ing end of the auxiliary arm. The auxiliary track estab- 
lishes the amount of slat rotation. Each slat has two sets 
of two auxiliary arms and auxiliary tracks. One set is 
located near the inboard end. and the other is located in 
near the outboard end of each slat. 

The elongated segmented proximity target assem- 
blies 40 or 42 are attached on the inboard and outboard 
sides of each auxiliary arm (a total of four proximity tar- 
get assemblies per slat). The central areas of these is 
proximity targets have alternating areas of magnetic 
material and non-magnetic material, as indicated by the 
four blackened areas along the length of each proximity 
target 40 and 42. Proximity sensors 44 respond to the 
magnetic materials in the proximity targets 40 and 42 20 
with a reduced electrical impedance. The sensing elec- 
tronics interpret this reduced sensor electrical imped- 
ance as "target near". Facing each segmented target 40 
or 42. the proximity sensors 44 are mounted on the fixed 
wing structure, and send a continuous signal as the tar- 2s 
gets 40 and 42 move past the sensors 44.. 

The electrical wiring for each proximity sensor 44 Is 
routed along the fixed wing and into the aircraft fuse- 
lage. The two proximity sensors 44 at each monitored 
auxiliary arm are wired to the high lift control system's 30 
two flap/slat electronics units (FSEU) 50. One proximity 
sensor from each auxiliary arm Is wired to each FSEU 
50. This creates two electrically separate, redundant 
monitor systems. 

Each proximity target 40 and 42 in this system is an 35 
elongated segmented configuration of alternating zones 
of magnetic and nonmagnetic materials. These target 
segments create an alternating "target near** and "target 
far" sensor state when the high lift surface is in motion 
All targets are constructed so that all proximity sensors 4o 
will be in a "target near" or "target far" sensor state at 
the same time throughout the drive system travel In 
normal operations the flap/slat electronic units (FSEU's) 
50 use the output from the proximity sensors 44 to 
determine drive system position and expected sensor 4s 
states of the slat 7 and 8 proximity sensors. Since the 
proximity targets 40 and 42 are constructed in a seg- 
mented configuration an alternating "target near" and 
"target far" sensor state is expected as the slats are 
deployed or retracted. As the slats are deployed from so 
fully retracted to fully deployed, the segmented target 
assemblies cause the sensor states to alternate in the 
following order, "target near", "target far", ^target near" 
"target far", "target near", "target far", and "target near"' 

Due to production tolerances, each proximity sen- 55 
sor 44 IS not expected to switch from "target near" to 
"target far" at the same instant. The FSEU's assume a 
small transition period will exist where all the sensor 
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states will not agree with each other. In this transition 
period the sensors can be either "target near" or "target 
far" without there being an actual slat skew. This transi- 
tion period exists between each "target near" and "tar- 
get far" area and is known as the "target maybe" zone. 
In normal operations, all of the proximity sensors switch 
state within the "target maybe " zones as the slat assem- 
blies are deployed and retracted. 

While the slats are being deployed (or stationary in 
the cruise, takeoff, or landing positions) and not in a 
"target maybe" zone, all of the slat 7 proximity sensor 
states should agree with the expected sensor state 
(either "target near" or "target far"). If both FSEU's 
agree that their two sensors disagree with the expected 
sensor states, a condition of slat skew or slat loss is 
determined to have occurred. The FSEU's then shut 
down movement of the slat drive system and alert the 
warning electronic system (WES) that the slats are dis- 
abled in their current position. The WES will then 
reschedule the stall warning alert and stick shaker in 
accordance with the current slat position and declare a 
"SLATS DRIVE" message to the flight crew on the 
engine indication and crew alerting system (EICAS) dis- 
play. 

In the event the FSEU's detect that both proximity 
sensors at any of the monitored auxiliary arms have 
failed, slat skewing and slat loss will not be detectable. 
As a precaution against undetected slat skew or slat 
loss, the FSEU's shut down the leading edge slat drive 
and alert the WES as if an actual slat skew or loss were 
detected. 

FIGURE 5 shows the segmented proximity targets 
40 and 42 attached to the auxiliary arms with the prox- 
imity sensors 44 mounted on the wing structure. Not 
shown In Figure 5 is an additional proximity sensor 44 
which faces proximity target 42 similar to the way prox- 
imity sensor 44 faces proximity target 40. FIGURES 6. 
7. and 8 show the segmented proximity targets 40 and 
42 attached to the auxiliary arms 46 in the cruise, take- 
off, and landing positions. Also, for ease of illustration 
these FIGURES do not attempt to show the second pair 
of segmented proximity targets 40 and 42 and proximity 
sensors 44, that are present in all embodiments of this 
invention for purposes of dual redundancy. In this 
embodiment the additional targets and sensors would 
be mounted on the opposite side of the auxiliary arms. 

FIGURES 9 and 10 provide schematic depictions of 
proximity sensor output for. respectively, normal and 
skewed conditions of the slat. For clarity only the two 
inner proximity sensors are shown. In preferred embod- 
iments there will be another pair of proximity sensors 
and segmented targets connected to a second electron- 
ICS unit (FSEU) for dual redundancy in the computer 
system. 

FIGURE 9 depicts schematically, a slat assembly 
with segmented proximity targets 40 and 42. preferably 
mounted near the ends of the slat, on either auxiliary 
arms or main tracks. FIGURE 9 also shows a proximity 
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sensor 44 mounted adjacent to each segmented target 
assembly. These sensors are mounted on fixed wing 
structure. In the position shown, the proximity sensors 
are adjacent to "target near" zones in the segmented 
proximity targets 40 and 42. This results in "target near" 
indications in the sensing electronics, if the slat has 
deployed to the position shown in FIGURE 9 without 
any skewing or jamming in the drive system, the sens- 
ing electronics will be expecting a "target near" indica- 
tion from the proximity sensors. The expected "target 
near" indication was determined by the sensing elec- 
tronics from the position sensor 34 information. These 
expected proximity sensor states are shown in the table 
at the far right of FIGURE 9. It can be seen in the table 
in FIGURE 9, that the proximity sensor states will agree 
with the expected sensor states as the slat moves 
through its complete range of motion without skewing. 

FIGURE 10 depicts the same slat assembly as in 
FIGURE 9 except that the outboard drive mechanism 
has jammed, or some other failure has occurred, result- . 
ing In a slat skew condition. This condition is detected 
because the expected proximity sensor state at this 
drive system position is "target far", and the proximity 
sensor state at the failed end of the slat assembly is 
"target near". This disagreement between the expected 
proximity sensor state and the actual proximity sensor 
state is what the sensing electronics is looking for to 
detect slat skew or loss. 

FIGURE 1 1 shows the electrical and computer sys- 
tem of this invention. The resolver or position sensor 34 
sends dual redundant signals to the two FSEU's. As 
shown, a cable system is anchored in slat 6 and pro- 
vides dual redundant skewing oc loss data to the two 
FSEU's. 

FIGURE 1 1 shows the equipment configuration for 
the left-hand wing of the slat skew/loss detection sys- 
tem. The right-hand wing is similar. In this system the 
flap/slat electronics units (FSEU's), each monitor their 
own separate position and proximity sensors. Both 
FSEU's are capable of moving the slats and shutting 
down movement of the slats independently Both 
FSEU's are also capable of communicating to the WES 
and to the rest of the aircraft electrical systems across 
the 629 communication buses. This configuration of 2 
complete, separate and independent FSEU's and sen- 
sor sets, makes this system a redundant system. Each 
FSEU Is capable of independently monitoring slat posi- 
tion and detecting slat skew or slat toss. 

Each FSEU has a proximity sensor 32 in slot 2 for 
monitoring a proximity target attached to a slat 
skew/loss cable 26. The cable 26 is installed along the 
slats from slat 2 to slat 6. Any skewing of the slats 2 
through 6 relative to each other, or loss of slat 3 through 
6 will cause the cable to pull the proximity target away 
from the proximity sensor. Loss of slat 2 will result in 
loss of the slat 2 proximity sensors and the FSEU's 50 
will shut down the slat drive system. 

Each FSEU has a pair of proximity sensors 44 



installed in the fixed wing structure adjacent to slat 7. 
one sensor mounted adjacent to the slat 7 outboard 
auxiliary arm. the other mounted adjacent to the inboard 
auxiliary arm. These proximity sensors monitor seg- 

5 mented proximity targets 40 and 42 which are Installed 
on the outboard and inboard slat 7 auxiliary arms. Each 
FSEU 50 has a position sensor 34 at the end of the 
leading edge drive system for monitoring slat position. 
In the operation of the slat skew/loss detection sys- 

10 tem. each FSEU continuously (at least 10 times per 
second) monitors their separate slat 2 proximity sensor 
32. slat 7 proximity sensors 44, and slat position sen- 
sors 34. 

in the normal, non-skewed or lost condition, each 

75 slat 2 proximity sensor 32 is in a "target near" sensor 
state. In the skewed or lost condition, the slat skew 
cable has pulled the slat 2 proximity target away from 
the slat 2 proximity sensors 32 creating a "target far" 
sensor state in both slat 2 proximity sensors. If either 

20 FSEU detects a "target far" sensor state, the FSEU's 
will compare their proximity sensor states with each 
other. If both FSEU's have a "target far" sensor state 
from their sat 2 proximity sensors, the FSEU's will shut 
down the slat drive system. If one of the FSEU's has 

25 detected a "target far" and the other FSEU or slat 2 
proximity sensor has failed, the FSEU which has 
detected a "target far" will shut down the slat drive sys- 
tem. If both FSEU's or both slat 2 proximity sensor 32 
has failed, or any combination of FSEU and slat 2 prox- 

30 Imlty sensor 32 has failed which will not allow the detec- 
tion of a slat 2 through 6 skew or loss, then the slat drive 
system is shut down. If an FSEU has detected a "target 
far", but the other FSEU still detects a "target near", the 
FSEU which has found a "target far" has probably failed , 

35 and will declare itself failed and stop calculating slat 2 
skew or loss. FIGURE 3 is the computer logic diagram 
for the method of this invention, 
In the normal, non-skewed or lost condition, each slat 7 
proximity sensor 44 will have sensor states ("target 

40 near" or "target far") which will agree with expected 
proximity sensor states which have been calculated 
from position sensor 34 data. As the slats are deployed, 
retracted, or in a stationary position, the FSEU's monitor 
the position sensor 34 data to determine the slat posl- 

45 tion. From the slat position information, the expected 
slat 7 proximity sensor states are calculated. At any slat 
position all slat 7 proximity sensors 44 are expected to 
have the same sensor state. As the slat are deployed or 
retracted, the slat 7 proximity sensors 44 will alternate 

so sensor state from "target near" to "target far". The point 
at which the slat 7 proximity sensors 44 switch state is 
based on the proximity sensor's relative position to the 
magnetic zones in the proximity sensor's adjacent seg- 
mented proximity target 40 and 42. The segmented 

55 proximity targets 40 and 42 at the inboard and outboard 
end of slat 7 are designed so that their adjacent slat 7 
proximity sensors 44 will switch sensor state simultane- 
ously. 
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,he FSEU's. while monitoring the slat 7 proximity 
sor states, will calculate the expected slat 7 proxim- 
sensor states based on the slat position sensor 34 
iata. As the slats are deployed or retracted, all of the 
slat 7 proximity sensors cannot be expected to switch 
sensor state simultaneously The slat 7 proximity sen- 
sors 44 will change state at slightly different points In the 
slat position due to production and installation toler- 
ances as well as aircraft effects such as wingflex and 
extreme temperatures. To avoid disagreements 
between the expected sensor states and the actual sen- 
sor states due to the normal variations in sensor switch 
points, the FSEU's calculate a "target maybe" zone 
based on position sensor 34 data. The "target maybe" 
zones are located around each slat 7 proximity sensor 
switch point. The width of the "target maybe" is deter- 
mined from the magnitudes of the production and instal- 
lation tolerances and aircraft effects. 

The FSEU's, while monitoring the slat 7 proximity 
sensor 44 states, will calculate the expected slat 7 prox- 
imity sensor states based on the slat position sensor 34 
data. The FSEU's then compare the actual slat 7 prox- 
imity sensor states with the expected slat 7 proximity 
sensor states. If either FSEU expects a "target near" or 
"target far" slat 7 proximity sensor 44 state, but finds a 
disagreement between the actual slat 7 proximity sen- 
sor 44 state and the expected slat 7 proximity sensor 
state, the FSEU's will compare with each other to see if 
both FSEU's have found a disagreement. If both 
FSEU's have a disagreement between actual and 
expected sensor states, the FSEU's will shut down the 
slat drive system. If one of the FSEU's or slat 7 proximity 
sensors 44 has failed, the FSEU which has detected a 
disagreement will shut down the slat drive system If 
both FSEU's or their slat 7 proximity sensors have 
fafled. or any combination of FSEU and slat 7 proximity 
sensor has failed which will not allow the detection of a 
slat 7 skew or loss, then the slat drive system is shut 
down. If an FSEU has detected a disagreement, but the 
other FSEU has not. the FSEU which has found a disa- 
greement has probably failed and will declare itself 
failed and stop calculating slat 7 skew or loss. FIGURE 
12 is the computer logic diagram for the method of this 
invention. 

As has been reviewed previously, the two FSEU's 
each sample data and make mutual decisions concern- 
ing skewing or loss of slats. 

While the invention has been described by way of 
exemplary embodiments, the claims are not limited to 
the embodiment described herein. Equivalent devices 
or steps may be substituted for those described and 
operate according to the principles of the present inven- 
tion and fall within the scope the claims. 
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a position sensor for measuring drive system 
position; 

a pair of proximity sensors mounted on fixed 
wing structure; 

a pair of segmented proximity targets mounted 
on the movable auxiliary airfoil element; 
a computer electronics unit for measuring each 
sensor output, calculating the expected sensor 
outputs, comparing expected and actual sen- 
sor outputs, and. if auxiliary airfoil skewing or 
loss is detected, alerting the flight crew, shut- 
ting down the auxiliary airfoil drive system, and 
rescheduling the aircraft stall warning and stick 
shaker accordingly. 

2. The apparatus of claim 1 wherein the segmented 
proximity targets and proximity sensors are 
mounted near the inboard most and outbound most 
ends of the auxiliary airfoil element. 

3. The apparatus of claim 1 wherein the segmented 
proximity targets are constructed to produce an 
alternating "target near" - "target far" sensor output 
from the proximity sensors as the auxiliary airfoil 
elements are extended and retracted. 

4. The apparatus of claim 1 wherein the output data 
from the position sensor is used by the computer 
electronics unit to determine an expected output 
from the proximity sensors. 

5. The apparatus of claim 4 wherein the proximity sen- 
sor expected output is determined by the place- 
ment and lengths of the segments In the 
segmented targets. 

5. The apparatus of claim 1 wherein a logic system 
used by the computer electronics unit to reduce the 
occurrence of nuisance skew detections caused by 
production and installation and by aircraft effects 
such as wingflex and extreme temperatures. 

The apparatus of daim 1 wherein a logic system is 
used by the computer electronics unit to detect the 
skewing or loss of the monitored auxiliary airfoil ele- 
ment using a comparison of the proximity sensor 
expected output with the actual output from the 
proximity sensors of claim 1. 



Clafms 

1. Apparatus for detecting and signaling a misalign- 
ment or loss of individual auxiliary airfoil elements 



55 



<EP 0eiB387A1J_> 



6 




SOOCIO: <EP ^081B387A1 J_> 



EP0 818 387A1 



GET THE UTEST 
SUT SKEW SENSOR STATES' 
SUT2. SLAT 13. 



Sffnsor Staia 



Ssnsor Stata 
UFa/ 



NO SKEW OR LOSS. 
REPEAT PROCESS. 



IS THE OTHER FSEU 
•FAILED- 




• COMMAND THE PRIORITV 
VALVE SHUT. 

• ALERT WES OF A 
•SLATS DfllV£- CONDITION 



T 



LEADING EDGE DRIVE 
SHUTDOWN 




Ya» 



• COMMAND THE PRIORITY 

VALVE SHUT. 
•ALERT WES OF A 

•SLATS DRIVE- CONDITION 



T 



LEADING EDGE DRIVE 
SHUTDOWN 




DECURS A SLAT 
SKEW OR LOSS CONDITION 
TO THE OTHER FSEU 


1 : 




HAS THE OTHE 
DECLARED A S 
LOSS CO 


:fl FSEU ALSO 
UT SKEW OR 
NOmON 



No 



^"'2 ''SEU 'FAILED' 
TO THE OTHER FSEU. 
• ALERT THE MAINTAINANCE 
.PAGE THAT THIS FSEU IS 
FAILED OR THAT A SUT 
SKEW SENSOR HAS FAILED. 



T 



THIS FSEU STOPS 
MAKING SUT SKEW OR LOSS 
DETERMINATIONS 



''OCID: <EP_oei8387A1J_> 




10 

<EP 9eie387Aij_> 




SDOCID: <EP 0818387A1J_> 



11 



EP 0 818 387 A1 




12 

•^'O: <EP 08ie387AlJ_> 



EP 0 818 387 A1 



OU160A/?D 



INBOARD 



NEAR 

FAR 

NEAR 

FAR 
WEAR 

FAR 
NEAR 



^40 



42- 



JAR6£r-N£AR 
R 

^4 



TAf?6£T-HHAI 




44 



CRUISE 
NEAR 

FAR 
NEAR 



F5EU 

ExpeaED, 

Pf?OXlMlTy 



FAR 



MAYBE 



FAFT 



MAVSe 



HEAR 
FAR 

LANDIN6- 



FAR 



HAYB£ 




TO 5£NS(HG 5L£CTi?0WC5 

UH80Af?P 1 ExPEcfeP 
PROXIMITY 
'5EH SORSTATTr 



NEAR 

FAR 
NEAR 

FAR 
NEAR 

FAR 
NEAR 



■40 

Tn(?6ET-NEAR 
44 



TAfSSET-FAR n 
44 




NEAR 

FAR 

NEAR 


INEAR^ 


MAYBE 


FAR 


MAYBE 




! 


MAYBE 




FAR 

NEAR j 
TAKEOFF 
FAR 

NEAR ! 


FAR 


MAvee 




MAYBE 


FAR 


MAYBE 





TO SBHSIHS £LBCmHIS 



^0818387A1_L> 



13 




14 



EP0 818 387A1 



BOTH FS£Us PfRFORh TH£ FOLLOW I /SQ FUNCTIONS COt1TmOU5Ly 

f START 



GET THE LATEST RCSOLVER POSITON. 



I 



DETERMINE THE EXPECTED 
SU^T SKEW SENSOR STATE FROM 
TH£ USTEST RESOLVER POSITION; 
WAYBE. NEAR or FAR 

H£Af?Of? FAR 



OO NOTHlNa 
REPEAT PROCESS. 



GET THE LATEST 
SLAT SKEW SENSOR STATES: 
INBO SLAT 7, OUTBD SLAT 7, 
INBO SLAT a, OUTBO SLAT 8. 



COMPARE ALL ACTUAL 
SUT SKEW SENSOR STATES 
WITH THE EXPECTED 
SENSOR STATE. 



SEtiSOH STATES 
A6Re£. 



S£HSQR 5TAT£S 
PJ5A<5R££ 



NO SKEW OR LOSS. 
REPEAT PROCESS. 



IS THE OTHER FSEU 
•FAILED^ 




> SHUT CX^WN THE LEADING 
EDGE DRIVE SYSTEM. 

• ALERT WES OF A 
-SL^TS DRIVE* CONOmON 



DECLARE A SIAT 
SKEW OR LOSS CONDITION 
TO THE OTHER FSEU 



. STOP 

PRlV£ 



I 



HAS THE OTHER FSEU ALSO' 
DECLAAEO A SUT SKEW OR 
LOSS CONOITiON 



Y«s, 



No 



■ SHUT DOWN THE LEAOtNG 
EXX3E DRIVE SYSTEM. 

. ALEftT WES OF A 
•SLATS DRIVE' CONDITION 





STOP DRIVE 



. DECLARE THIS FSEU VAILED^ 
TO THE OTHER FSEU. 

• ALERT THE MAINTAINANCE • 
PAGE THAT THIS FSEU IS 
FAILED OR THAT A SLAT 
SKEW SENSOR HAS FAILED. 



FSEU'STOP 



4SDOCID: <EP 0818387A1J_> 



15 



EP0 818 387A1 



• 



t:urnpcan Patent 
Omcc 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 20 1934 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



EP-A-0 084 396 (FOKKER BV) 27 July 1983 

* page 3, line 35 - page 4, line 24 * 

FR-A-2 436 074 (SUNDSTRAND CORP) 11 April 
1980 

* page 7, line 29 - page 8, line 7 * 

EP-A-0 348 816 (BODENSEEWERK GERAETETECH) 
3 January 1990 

* column 1. line 1 - line 14 * 

WO-A-84 01426 (BOEING CO) 12 April 1984 

* page 2, line 1 - line 13 * 

EP-A-O 218 021 (MESSERSCHMITT BOELKOW 
BLOHM) 15 April 1987 

* page 9, line 15 - page 10, line 13 * 

US-A-4 827 248 (CRUDDEN ERIC H ET AL) 2 
May 1989 

* column 1, line 15 - line 28 * 

US-A-3 935 754 {COMOLLO VIRGILIO) 3 
February 1976 

* the whole document * 



Relevant 
to daim 



CLASSIKICAHON OF THE 
APPUCATION (lal.CI.6) 



The present searcti report has been drawn up for all daims 



B64C9/02 
B64C13/50 



TECHNICAL HELOS 
SEARCHED aBI-a.4 



B64C 
B64D 



Plan of Kvck 

THE HAGUE 



Dale of ooBi|>IHiOB of tke icarck 

27 November 1996 



Hauglustaine, H 



CATEGORY OF CITED DOCUNfENTS 

X : paiticulviy relevant if taken alone 

Y : particularly relevant If corebined with another 

document of the sane categoiy 
A : techftologicai background 
O : non-written disclosure 
P : Intermediate doctunent 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filiag date 
O : document dted in the application 
L : document dted for other reasons 

A : member of the same patent family, corrcspondmg 
document 



.08183e7AlJ_> 



16 



